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Abstract 

Bacl^round Atria! fibrillation, the most common 
sustained cardiac arrhythmia and a major cause of 
stroke, results from simultaneous reentrant wavelets. 
Its spontaneous initiation has not been studied. 

Methods We studied 45 patients with frequent ep- 
isodes of atrial fibrillation (mean [±SD] duration, 
344±326 minutes per 24 hours) refractory to drug 
therapy. The spontaneous initiation of atrial fibrilla- 
tion was mapped with the use of muitielectrode 
catheters designed to record the earliest electrical 
activity preceding the onset of atrial fibrillation and 
associated atrial ectopic beats. The accuracy of the 
mapping was confirmed by the abrupt disappear- 
ance of triggering atrial ectopic beats after ablation 
with local radio-frequency energy. 

Results A single point of origin of atrial ectopic 
beats was identified in 29 patients, two points of ori- 
gin were identified in 9 patients, and three or four 
points of origin were identified in 7 patients, for a to- 
tal of 69 ectopic foci. Three foci were in the right atri- 
um, 1 in the posterior left atrium, and 65 (94 percent) 
in the pulmonary veins (31 in the left superior, 17 in 
the right superior, 11 in the left inferior, and 6 in the 
right inferior pulmonary vein). The eariiest activation 
was found to have occurred 2 to 4 cm inside the j 
veins, marked by a local depolarization preceding { 
the atrial ectopic beats on the surface electrocardio- 
gram by 106±24 msec. Atrial fibrillation was initiated 
by a sudden burst of rapid depolarizations (340 per 
minute). A local depolarization could also be recog- 
nized during sinus rhythm and abolished by radio- 
frequency ablation. During a follow-up period of 8±6 
months after ablation, 28 patients (62 percent) had 
no recurrence of atrial fibrillation. 

Conclusions The pulmonary veins are an impor- 
tant source of ectopic beats, initiating frequent par- 
oxysms of atrial fibrillation. These foci respond to 
treatment with radio-frequency ablation. (N Engl J 
Med 1998;339:659-66.) 
01998, Massachusetts Medical Society. 



ATRIAL fibrillation is the most common 
of ail sustained cardiac arrhythmias, with 
the prevalence increasing with age to up 
to 5 percent in persons more than 65 
years of age, and it is a major cause of stroke.^ -'' Ex- 
perimental studies and human surgical mapping 
studies have sho\Mi that atrial fibrillation is perpetu- 
ated by reentrant wavelets propagating in an abnor- I 



mal atrial-tissue substrate.*^ Complex approaches 
have been developed to interrupt wavelets, including 
extensive surgical oi; rccendy, catheter-mediated atriot- 
omy.^ 21 There arc, however, no data about the spon- 
taneous initiation of atrial fibrillation. The triggers 
of atrial fibrillation may be focal targets for ablative 
therapy. We investigated the mode of initiation of 
spontaneous paroxysms of human atrial fibrillation 
by atrial caopic beats, the characteristics of these 
triggering beats, and the effects of local ablation 
with radio-firequency energy. 

METHODS 
Chsracteristics of the Patients 

The study population consisted of 45 patients enrolled consec- 
utively (Table 1) who met the following criteria: the padent had 
to have atrial fibrillation resistant to more than two drugs, there 
had to be at least one episode of atrial fibrillation every two days, 
the patient had to be recehring anticoagulant treatment, the pa- 
tient had to hsve ftequem isolated atrial ectopic beats (more than 
700 per 24 hours), and the patient had to provide informed con- 
sent. The protocol was approved by the hospital^s safety commit- 
tee. Antiarrhythmic drugs were discontinued two to 6\'c days be- 
fore hospitalization; amiodarone was being taken by nine patients. 

The patients were monitored by telemetry throughout their 
hospital stays. Before ablation, atrial fibrillation occurred daily in 
39 patients and every two da>'s in the other 6 patients, with a 
mean (2:SD) duration of 344 ±326 minutes per 24 hours. TwcK'c- 
lead electrocardiographic recordings were obtained to document 
the morphologic features of the ectopic beats. In 37 patients, at 
least one instance of initiation of sustained atrial fibrillation last- 
ing more than one minute was documented: the ectopic beat ini- 
tiating atrial fibrillation had a short coupling interval (a P-on-T 
pattern) and morphologic features similar to those of isolated ec- 
topic beats. Their identical origin was confirmed bter by intracar- 
diac moping data. 

Electrophysiologic Study 

Oral anticoagulants were replaced on admission by either sub- 
cutaneous or intravenous heparin to maintain a partial-thrombo- 
plastin time of 60 to 90 seconds (control 30 seconds). Heparin 
was stopped four to six hours before ablation, since transseptal 
catheterization was sometimes required. 

Three muitielectrode catheters were introduced percutaneously 
through the femoral veins; one quadripolar roving ablation cath- 
eter with a thermocouple and a 4 -mm tip, one catheter in the 
right atrial appendage (for right atrial and right -pulmonary-vein 
foci) or coronar>' sinus (for left -pulmonary- vein foci) to provide 
stable reference electrograms <?uring mapping, and one catheter 
for stimulation, "'25 in tiirce patients, two roving catheters were 



From the Hdpttal Cardiologiquc du Haut-Levcque, Ave. de Magellan, 
33604 Bordeaux- Pies&ic, France, where reprint requests should be ad- 
dressed to Dr. Haissagucrrc. 



Volume 339 Number 10 • 659 



The New England Journal of Medicine 



Ta81£ 1. Characteristics of the Patients, 



Variabu Vmaie 
Qimcal chazacceiistics 

Sex (M/F) 35/10 
Age (yr) 
Mean ±SD 

Median 54 

Range , 18-78 
Duration of atrial fibrillation (yr) . 

Mean -SD 6^6 

Median 4 

Range 1-26 
No. of unsuccessllil drugs 

Mean SSD 5±2 

Median 4 

Range 3-9 

Strucniral hcan disease (no. of parients)* 14 

Prc\'iou$ embolic epistxic (no. of patients) 7 

Prc\ious abbtion of fluncr (no. of patients) 2 1 

Preprocedural duration of atrial 6briUation 
(inin/24 hr) 

Mean iSD 344 ±326 

Median 215 

Ran^ 15-1440 

Echocafdiognphic vaxiaUest 

End-diastoUc LV dimcmion (mm) 

Mean±SO 51*6 

Median 51 

Range 44-64 

End-$vstolic LV dimension (mm) " 

Mean iSD 32±5 

Median 32 

Range 24-45 

PcTCcnnge of LV shortening 

Mean iSD 36i8 

Median 35 

Range 18-52 
. Anterior-posterior LA dimension (mm) 

Mean iSD 39i7 

Median 39 

Range 28-50 

Medial-larerai LA dimension (mm) 

Mean iSD 38*7 

Median 37 

Range 28-51 

Inferior-superior LA dimension (mm) 

Mean iSD 55±9 

Median . 56 

Ran^e 35-73 

MV E'wave vdocit\' (m/sec) 

Mean *SD 0.74 ±0.1 6 

Median - 0.70 

Range 0.44-1.2 

MV A-wave velocity (m/sec) 

Mean ±SD 0.61±0.13 

Median 0.61 

Range 0.41-0.8 

MVVn(cm) 

Mean ±SD 18*7 

Median 20 

Range 6-25 



'Structural heart disease included dilated or hypertmphic 
cardiomyopathy in five patients, myocardial infiuvtinn in 
four, mitral-valve regurgitation in three, atrial scptdl defect in 
one, and cor pulmonale in one. 

tLV denotes left ventricular, LA left atrial. MV mitral 
wKx, and VTl veIocit>--timc integral. 



used to map two pulmonaiy veins simultaneously. Stir&ce elcc- 
oocaidiographic leads (1, 11, HI, and V,) and bipolar intracardiac 
elcctrognuns filtered at 30 to 500 Hz were recorded with a poly- 
graph fMidas, PPG Biomedical Systems, Lcncxa, Kans.). 

Stimuli were adjusted to be t>*ncc the diastolic threshold and 
2 msec in duration. If the arrhythmia did not spontaneously de- 
velop during ciecrrophx-siologic monitoring or u-as not sufficicnt- 
h' sustained, physiologic procedures (e.g., Valsalva's maneuver or 
carotid-sinus massage), atrial pacing, pharmacologic agents (e.g., 
isoproterenol, adenosine triphosphate, digoxin, propranolol, or 
wrapamil), or all three mediods wen used. 

Locarization of ArrhyfhmogcfriicTriggers'lAtrial 
Ectopic Beats) 

The prcliminar\' study inN-oK-ed intracardiac mapping of isolat- 
ed ectopic beats. The ectopic focus was localized according to the 
earliest atrial aaivity relative to the reference electrogram or the 
onset of the caopic P u-avc. Mechanically produced beats were 
prevented b\' avoiding manipularion of the catheters during the 
recordings, and such beats wxrc excluded from the analysis by 
comparing the electrocardiographic pattern and intracardiac se- 
quence with the confirmed spontaneous eaopic beats. If no 
sharp bipolar aai\'ity was recorded in the right atrium eariier 
than 10 msec before the onset of the ectopic P wa\e, the ectopic 
beats were considered to have originated in the left atrium. Di- 
rca mapping of the left atrium and pulmonar\' wins was per- 
formed through a patent foramen ovale (in six patients) or b\* 
means of transseptal catheterizadon. In the anteroposterior view, 
the pulmonary-win ostia are situated on both sides of the spine 
and can be engaged by applying clocku ise torque to the shaft of 
the catheter. The lotc of ectopic beats in the initiation of atrial 
Bbrillation was conHrmcd b>' on-site recording of a paroxy-sm of 
fibrillation. 

Ablation . Procedure 

No heparin was administered for ablation in the right atrium. 
For the left atrium, an intravenous dose of 0.5 mg of heparin per 
kilogram of body weight vk-as administered during ablation, fol- 
lowed by an inftision to maintain a parrial-thromboplasrin rime 
of 60 to 90 seconds. The sedarives midazolam and nalbuphine 
were administered intrawnously to control pain. 

Ablarion was performed at the site with the earliest recorded 
ectopic acrivity. To minimize the risk of clot formation, temper- 
ature-controlled radio-fifequencyenergy was delivered at a target 
temperature of 70*C in the right atrium or 55 to 60*C in the left 
atrium between, the catheter elearode and a patch electrode 
measuring 575 cm^ for 60 to 1 20 seconds, except when there was 
a rise in impedance.^-** 

Subcutaneous heparin was administered after ablation to main- 
tain the partial-thromboplastin time. Successful ablarion was de- 
fined as the elimination of atrial triggers during the 60 minutes 
after ablation and the absence of the morphologic features of the 
targeted eaopic beats during the subsequent eight days without 
a need for antiarrhythmic drugs. 

Tclcmetr)' and 24-hour Holier monitoring were performed 
continuously, and the data were monitored by nurses to idcntih* 
the cumulatiw duration of atrial fibrillarion and the duration of 
fibrillarion during each hour. The patients were discharged and 
gi\en oral anricoagulants for at least three months but no anti- 
arrhythmic drugs. Late follow-up consisted of visits to the hos- 
pital and Holtcr recordings cvrn* three months. Any undtK- 
umcnted but suggesrivc symptoms were attributed to atrial 
fibrillation. 

Statistical Analysis 

Continuous variables were expressed 3S group means iSO and 
were compared with the use of the Kni.^l-Wallis test. Statistical 
.significance was considered to be demimstrated by a rwo-railcd 
P value of less than O.On. 
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RESULTS 

Origin of Atrial Triggers (Ectopic Beats) 

A single point of origin of ectopic beats was iden- 
tified in 29 patients, two were identified in 9 pa- 
tients, three were identified in 6 patients, and four 
in 1 patient, for a total of 69 ectopic foci. Ectopic 
beats" originated in atrial muscle ("atrial foci**) in 
4 patients (in the right atrium in 3 and the posterior 
left atrium in 1) and in the pulmonary veins ("venous 
foci"*) in 41 patients (a total of 65 foci [94 per- 
cent]): 31 foci in the left: superior, 17 in the right 
superior, 11 in the left inferior, and 6 in the right in- 
ferior pulmonary vein (Rg. 1). The venous origin of 
the earliest ectopic activity was demonstrated in 23 
patients by the radiographic position of the mapping 
catheter, which was superimposed on the lungs and 
was outside the cardiac silhouette, and by confirma- 
tory angiographic visualization. 

Characteristics of Triggering Ectopic Beats 
Arising in the Pulmonary Veins 

The effective mapping of venous foci required 
multiple procedures because of two major problems. 
First, the spontaneous occurrence of ectopic beats 
and paroxysms of atrial fibrillation was unpredict- 
able, and provocative procedures were not consis- 
tently effective. Second, sustained atrial fibrillation 
lasting for minutes or hours required either waiting 
periods for spontaneous interruption or cardiover- 
sion. In five patients, there were no isolated eaopic 



beats during mapping, because each ectopic beat set 
off atrial fibrillation. Venous foci exhibited the char- 
aaerisric electrophysiologic>ittems described below. 

ActMty during Eetopy 

The earliest local activit>' was traced to a point 
2 to 4 cm within the main puimonar>' vein or one 
of its proximal branches, and depolarization was 
marked by a "spike'' (activity of sharp onset and short 
duration as measured electrographically) preceding 
the onset of die eaopic P wave by. l06±24 msec 
(range, 40 to 160) (Fig. 2). The P wave was not dis- 
tinct in six patients in whom only the reference elec- 
trogram was used for mapping. The spike was local- 
ized, and its amplitude rapidly decreased, when the 
catheter tip was turned or moved a few millimeters. 
Bystander or far-field activity bom contiguous branch- 
es could be distinguished by temporal delay or lower 
amplitude (<0.1 mV). The spike occurred earliest 
deep in the vein and progressively later toward the 
ostium and the left atrial exit, resulting in distal- 
to-proximal venous activation during multipolar re- 
cordings (Fig. 2). The amplitude of the unipolar 
electrograms of the spikes (<0.5 mV) was too low 
for morphologic analysis. 

A second electrographic component with a slow 
deflection (depolarization rate [dv/dt], <0.5 mV 
per msec) reflecting later left atrial aaivation was tem- 
porally dlistina from the spike inside the vein and 
then approached and became continuous with the 
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Rgure 1. Diagram of the Sites of 69 Foci Triggering Atrial Fibrillation in 45 Patients. 

Note the clustering in the pulmonary veins, particulariy in both superior pulmonary veins. Numbers 

indicate the distribution of foci in the pulmonary veins. 
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Ftgure 2. Angiogram of a Left Inferior Pulmonary Vein Depicting the Source and Exit of Ectopic Activity. 

The electrogram showed characteristic changes in timing depending on the position of the recording catheter in the specific pul- 
monary vein. With an increasingly distal catheter-position {toward the source), the spike was recorded progressively later dunng 
sinus rhythm (left-hand panel, arrows) and correspondingly earlier during ectopic activity (arrowhead). Conversely, m a proximal 
position at its exit into the left atrium (right-hand panel), the spike was not as delayed during sinus rhythm (arrows) nor as preco- 
cious during ectopic activity (arrowhead). The application of radio-frequency energy at the source of ectopic activity eliminated the 
local spike during sinus rtiythm and ectopic beats and atrial fibrillation on a short-term basis. The dotted lines rnartc the onset of 
the ectopic P wave, and 1 -2 and 3-4 are bipolar recordings from the distal and proximal poles of the mapping catheter. A indicates 
near-field atrial activity. The radiograph (center panel) shows the position of electrographic recordings inside the pulmonary vein 
at the source and exit. 



spike at the ostium. The conduction time from the 
venous spike to the activation of the left atrium in- 
creased progressively, as the coupling interval of the 
spike spontaneously shortened and when there were 
repetitive spike discharges. Nonconducted spikes 
(those confined within the vein) were recorded in 21 
patients. They were more closely coupled with the 
previous beat than the conduacd spikes (183±29 
msec vs. 207±29 msec, P=0.03), and a threshold 
coupling mterval below which the spike was isoUted 
could be identified in 19 patients. 

Mdation of Atrial FibrWation 

Between one and eight instances of spontaneous 
initiation of atrial fibrillation were recorded in 36 
patients. Two patients with atrial foci had atrial fi- 
brillation induced after irregular atrial uchycardia, 
one with a mean cycle length of 230 msec and the 
other with a mean cycle length of 250 msec. In 34 
patients with venous fooi^ the initiation of atrial fi- 
brillauon was documented ifor 45 of 58 foci with the 
use of a catheter in the appropriate vein. Atrial fibril- 
lation was initiated by a single focal discharge in 



3 patients (including 2 with structural heart dis- 
ease), a short burst of two or more repetitive focal 
discharges in 40, and both mechanisms in 2 (Fig. 3). 
Repetitive focal discharges had irregular cycle lengths, 
ranging from 110 to 270 msec, with a mean of 
175±30 msec (340 per minute). Ftvc foci discharged 
only in bursts, with each burst producing atrial fi- 
brillation. The coupling interval from the last sinus 
beat to the initial spike did not differ significandy 
between eaopic beats that led to atrial fibrillation 
and those that were isolated (212±34 msec vs. 
216±34 msec). Continuous electrical activity could 
be recorded in the pulmonary vein during the inter- 
val between successive spikes but not during the pe- 
riod preceding the first spike. 

In nine patients, no spontaneous initiation of atri- 
al fibrillation could be documented during map- 
ping. However, all nine had finequent isolated eaopic 
beats originating from a single focus (atrial in two 
patients and venous in seven, all with similar charac- 
teristics) and prc\ious electrocardiographic documen- 
tation of the role of these beats in initiating atrial 
fibrillation. 
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RIPV 



msec ^ 




240 



^ * « » lOU 7 » - w 



240 
msec 

Figura 3. Two Examples of the Onset of Atrial Rbrillation from Foci in a Right Inferior Pulmonary Vein and a Left Superior Pulmo- 
nary Vein. 

The electrogram with the pulmonary-vein spike is the terminal part of a two-component electrogram obtained dunng sinus rhythm. 
In the upper panel a burst of five spikes (asterisks) with a mean cycle length of 170 msec induced continuous e ectncal activity m 
the right inferior pulmonary vein (RIPV), with coarse atrial fibrillation on the surface electrocardiogram. The couplmg interval of tne 
first spike was 265 msec. In the bottom panel on the left, a sinus beat (with a terminal spike) was followed by an isolated atna 
ectopic beat (asterisk) at a coupling interval of 240 msec. The electrogram of the ectopic beat charactenstically shows temporal 
reversal, with the rapid deflection spike preceding the lower-amplitude, slower far-field atrial activity. On the right, in the same pa- 
tient, a train of spike discharges (asterisks) at a cycle length of 160 msec sets off atrial fibrillation. The spike discharges also 
characterized by temporal reversal but exhibit a progressively prolonged conduction time to the atna. The coupling interval of the 
first spike on the right (240 msec) is identical to that of the isolated ectopic beat on the left. LSPV denotes left supenor pulmonary 
vein, and U unipolar left atrial activity. 



Activity during Sinus RItythm 

The spike could also be recognized during sinus 
rhythm in the terminal portions of local potentials 
after left atrial activity, and it occurred. progressively 
later inside the vein, which is the opposite of the se- 
quence during ectopy (Fig. 2), Multiple spikes were 
recorded at the ostia, particularly those of the supe- 
rior veins. Similar (though less complex) electro- 
grams could also be recorded in other nonarrhyth- 
mogenic pulmonar>' wins (those not giving rise to 
ectopic beats), indicating physiologic activation of 
muscular left atrial tissue extending into the veins.^^^? 

Radio-Frequency Ablation 

The four ectopic foci mapped to atrial muscle 
outside the pulmonary veins exhibited the earliest 
activity — 35 to 45 msec before the onset of the ec- 
topic P wave — implying a shon conduction time to 



the rest of the atrium. They were ablated with a me- 
dian of 3 and a mean of 4.5 ±2 applications of radio- 
frequency energy in one session. 

The ablation of venous ftKi was performed at the 
earliest site of the maximal amplitude of the spike 
during conducted or nonconducted ectopic beats. 
As shown in Table 2, two sessions were required for 
25 patients and three sessions ^ were required for 
6 because of a recurrence after ablation or the detec- 
tion of new foci. All but one recurrence occurred 
within three days of the initial procedure. A mean of 
5±5 and a median of 4 applications of radio-fte- 
quency energy were required for each focus. 

No seriotis side effects were observed during these 
procedures. Cough was induced in some patients by 
applications of radio-frequency energy in the left su- 
perior veins near the bronchi and required the ces- 
sation of the delivery of radio-frequency energy or a 
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Tabi£ 2. OuTCOM£ OF In-Hospital Ablation According to Location of Focus. 



NaorFtaot 



Dftikciu> Fbo 

CNa14l 



NO. OF 
NO. OF SUCCESSES/ 
TARGETED SO. OF SO. OF 

FOa F.VLURES 9£CLlt»ESCfS 



SO. OF 
SO. or SUCCESSKS/ 

TARcenn vo. of no. of 
Foc:i faiu'KES recurrences 



Atrium (n«4) 


4 


4/0 


0 


0 


0 


LSPV(n«3l) 


28 


21/2 


5 


3 


8 


RSP\^(n = 17) 


11 


8/0 


3 


6 


9 


UPV (n«ll) 


8 


6/0 


' 2 


3 




RIPV (n«6) 


4 


3/0 


1 


2 


3 



0/0 
5/2 
5/1 
4/0 
2/0 









NiT 


THnOpMOCDUM 


E IHmB) 


OuTOOia 








NO. OF 




Nil. OF 




SVi:C¥SS¥s/ 


SO. OF 


SLTCEliSES/ 




so. OK 


TARiiETCD 


NO. OF 


NO. OF 


rRiXIKDl'RE.'i 


Ftxn 


FAILLRES 


RECL-RRENCES 


(%)t 


0 


0/0 


0 


4/4 (100; 


1 


0/1 


0 


26/31 (84) 


3 


2/1 


0 


15/17(88) 


1 


1/0 . 


0 


11/1 I (100) 


1 


0/1 


0 


3/6 (83) 



*For each procedure, the numbers of oigeted foci. eUrniiuted foci (successes). nonaUated fod (&Uui«), and recurrent foci are indicated. Failures were 
mainlv due to iniiequent caopic beats that did not pennit mapping. 

tLSPV denotes left superior pulmonan- ^xin, RSPV right superior pubnonary vein, UFV left inferior pulmonar>- vein, and RIPV right interior pulmo- 
nary vein. 

JThe total number of procedures is the number of successes plus the number of failures. 



reduction in power. Pain was sometimes severe, re- 
quiring additional doses of nalbuphine. 

Electrograms recorded at the sites of successful 
ablation of 57 venous foci showed the disappearance 
of the local spike during sinus rhythm in 44 of the 
foci, an intermittent spike (every two or three beats) 
in 3, and dissociation from atrial activity as a slow 
automatic rhythm in 2 (Fig. 4). At eight sites, the 
spike persisted, but with a lower amplitude and a de- 
lay of 10 to 50 msec. 

After ablation the angiograms of the pulmonary 
veins of 23 patients were imrcmarkable except for a 
luminal irregularity (possibly a small thrombus) in 
1 patient. Twenty of the sites of successful ablation 
were located at or near a branching point. 

Follow-up 

Successful ablation of eaopic foci in the hospital 
was achieved in 38 patients. The Holter recordings 
of these patients showed a decrease from 4377±3629 
to 98 ±91 eaopic beats per 24 hours. Two patients 
had a recurrence of atrial fibrillation, whereas 36 
patients had no recurrences during hospitalization, 
including the 9 patients without initiation of atrial 
fibrillation during the ablation procedure. Ablation 
of the focus was unsuccessftil in seven patients, and 
aU had recurrences of atrial fibrillation in the hos- 
pital. 

During a mean follow-up period of 8 ±6 months 
(median, 7), atrial fibrillation was eliminated com- 
pletely in 28 patients (62 percent) vinthout the use 
of drug therapy. Seventeen patients had recurrences 
of atrial fibrillation, iryJuding those who had early 
failures, and recurrences of cctopy were documented 
iii 12 of these patients during hospitalization or fol- 
low-up. 



DISCUSSION 

This study indicates that the vast majority of atrial 
premature beats that initiate frequent paroxysms of 
atrial fibrillation originate in the pulmonary' veins. 
These foci trigger atria! fibrillation with a burst of 
rapid discharges and respond to local radio-frequen- 
cy ablation with a catheter. 

The pulmonary veins were identified as .major 
sources of atrial triggers (ectopic beats) by means of 
intracardiac mapping, fluoroscopy, and angiographic 
imaging. Such venous foci were previously observed 
in a few patients who underwent atrial ablation for 
paroxysmal atrial fibrillatipn.^o in our study of pa- 
tients who had not previously undergone ablation 
for atrial fibrillation, 94 percent of the atrial triggers 
originated in the pulmonary veins. This prcx'alencc 
was similar to that in the subgroup of patients with 
structural heart disease, but a larger series is needed 
to confirm this result. 

All the patients were enrolled because they had 
fi^qucnt and drug-resistant paroxysmal atrial fibril- 
lation, and the high prevalence of foci in the pulmo- 
nary veins may therefore reflect an anatomical site or 
mechanism that is particularly arrhythmogenic and 
resistant to conventional drug therapy rather than 
the true prevalence in the general population virith 
atrial fibrillation. In some patients, however, isolated 
eaopic beats could not be recorded during map- 
ping, because of long-lasting atrial fibrillation re- 
quiring cardioversion, because no such beats were 
present, or both. This suggests that our methods 
and results could be applied to a broader range of 
clinical situations with the use of more reliable provoc- 
athe procedures and simultaneous multielectrodc 
mapping. 

The pulmonar\'-vcin foci exhibited unique charac- 
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Figure 4. Effects of Successful Radio-Frequency Ablation with- 
in the Superior Pulmonary Veins in Two Patients. 
The tracings in the upper panel were recorded in a patient with 
dilated cardiomyopathy. Before ablation (left-hand side), a mul- 
ticomponent electrogram was recorded in the right superior 
pulmonary vein (RSPV) with a terminal spike (asterisk). After 
ablation at this site (right-hand side), the spike disappeared. 
The tracing in the lower panel shows an example of ablation 
within the pulmonary vein resulting in slow and dissociated 
automatic spike activity in the left superior pulmonary vein 
(LSPV), marked by asterisks. 



teristics, including deep venous origin, unpredict- 
able firing, and complex, delayed conduction to the 
left atrium with frequent eaopic beats confined to 
the vein. A similar arrhnhmia has been previously 
documented bct\\'ccn the superior vena cava and the 
right atrium — again in a great vein-atrial junc- 
tion.28 The deep venous origin contrasts with the 
juxtaostial origin of conventional left atrial tachycar- 
dias, and the long conduction time indicates either 
discontinuous conduction or a tissue several centi- 
meters long, since the morphologic features of the 
spike indicate a rapidly conducting structure. A long 
conduction time was also reproduced by local 
venous pacing, but the effects of stimulation through 
pacing therapy have not been explored.^^ 

The recording of spikes during sinus rhythm in 
other pulmonary veins reflects the physiologic acti- 
vation of muscular bands extending from the left 
atrium to the venous wall with complex path- 
ways. 26.27.29.30 -fiie predominant distribution of foci 
in the superior veins matches the dominant anatom- 
ical pattern of these atrial extensions.^ The reasons 
why pulmonary veins become arrhythmogenic are 
unknown. However, their architectural topography 
can accommodate various electroph>'siologic mech- 
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anisms, notably automaticity, as indicated by disso- 
ciation after ablation in twg^panents, and reentry, 9S 
suggested by continuous activity between subsequent 
spikes. In contrast, the first spike was apparendy 
linked to the previous sinus beat without there be- 
ing any interv-ening activity, suggesting triggered au- 
tomaticity as a possible meclwnism.^* In perfused 
dog hearts, abnormal automaticity and various con- 
duction disturbances have been demonstrated in the 
musculature of thoracic veins.^-^ In the literature, 
there are no. data pertaining to the spontaneous ini^ 
tiation of atrial fibrillation in humans or animals, but 
a recent preliminary report indicates the arrhythmo- 
genic role of pulmonar)' veins in dogs with conges- 
tive heart failure.32 

In our patients, a train of repetitive rapid dis- 
charges (rate, 340 per minute) initiated atrial fib- 
rillation, which then continued independently. Atri- 
al fibrillation was in fea the result of the abrupt 
transformation of apparendy beni^ isolated ectopic 
beats into a dangerous burst of rapid discharges, and 
ablation of these foci produced a concomitant dra- 
matic decrease in the total number of eaopic beats 
and short-term recurrences of atrial fibrillation. In 
nine patients, isolated eaopic beats were used as a 
guide for ablation without mapping the initiation of 
atrial fibrillation. In some patients, the focus dis- 
charged only in bursts inducing fibrillation, without 
producing isolated ectopic beats. The short trigger- 
ing burst differs from the "focal atrial fibrillation" 
observed in a few patients in whom a single focus 
fires for sustained periods without leading to typical 
intracardiac fibrillation owing to a near-normal sub- 
strate.23 

The concept that paroxysms of atrial fibrillation 
are initiated by discharges from one or only a few fo- 
cal sources has important implications. Repetitive dis- 
charges can produce progressive pathologic changes 
in the atrial substrate that may lead to the self-per- 
petuation of atrial fibrillation.^^ focus responds 
to curative therapy with minimal catheter ablation, 
which can suppress the trigger and may reduce the 
potential degeneration of the atrial substrate. This 
approach has the advantage over rate-control thera- 
pies of maintaining sinus rhythm, and its use may 
decrease the morbidity associated with other, more 
extensive curative proccdurcs.'-^'^'^ 

The successful ablation of fod was safely achieved, 
and the procedure eliminated prc\'iously frequent 
atrial fibrillation without a need for antiarrhythmic 
drugs in 84 percent of the patients during hospital 
monitoring and in 62 percent after discharge. Of 
note, most of the recurrent atrial fibrillation was as- 
sociated with recurrent eaopic beats, indicating that 
a better technique of mapping or of ablation may 
further improve these results. Important Hmitarions 
inherent in the management of atrial fibrillation are 
the difficulty of obtaining reliable data on arrhyth- 
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mia and its initiation on an outpatient basis and the 
uncertain duration of asymptomatic episodes.^ Ad- 
ditional studies arc necessary to evaluate the role of 
ablation of triggering ectopic foci in preventing atri- 
al fibrillation, as well as the safety of ablation in the 
pulmonary veins, before widespread application of 
ablation for the treatment of this common cardiac- 
rhythm disturbance can be recommended. 
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